Chemical investigation of the crude extract of a marine sponge Dysidea robusta led to the isolation of an inseparable mixture of saturated ceramides. These were identified from spectroscopic data as well as by hydrolysis followed by LC-MS analysis of the sphingosine moieties.
Marine sponges belonging to the genus Dysidea are a rich source of structurally diverse secondary metabolites [1] , such as brominated phenols [2] , terpenes [3] , modified peptides [4] , unusual fatty acid derivatives [5] , neurotoxins [6] , and alkaloids [7, 8] . However, although fully saturated ceramides have been isolated as mixtures of homologues from several species of marine invertebrates [9] , this group of metabolites has not yet been isolated from Dysideidae sponges.
Our interest in investigating the MeOH crude extract of the sponge Dysidea robusta (BA99ES-108) was based on its antibiotic activity against several human pathogenic bacteria and cytotoxic activity against three cancer cell lines. Fractionation of the light petroleum-soluble fraction led to the isolation of an inseparable mixture of three saturated ceramides (1-3), which were identified by analysis of spectroscopic data and chemical derivatizations.
The fraction containing compounds 1-3 was obtained after chromatography of the light petroleum-soluble portion of the MeOH crude extract on silica gel. This separation, afforded a fraction that was soluble only in pyridine and displayed behavior identical to ceramides previously reported in the literature [9] . Analysis of the 1 H NMR spectrum of this fraction (DR1-EP-5A) in pyridine-d 5 indicated the presence of an aliphatic chain (δ 1.26, m) as well as a series of double-doublets or more complex 1 H NMR signals between δ 4.0 and 5.2, assigned to oxygen and/or nitrogen functionalized methines and methylenes. An N-H group was observed at δ 8.57 (d, 8.9 Hz). The 1 H signals observed in this fraction were reminiscent to those of ptiloceramides 4-8 isolated as a mixture of homologues from the sponge Ptilocaulis spiculifer [9h], and also isolated by one of us from the marine sponge Crambe crambe [10] . The 1 H and 13 C NMR data reported for the acetylated mixture 9-13 [9h] is practically identical to those obtained for the tetraacetylated derivatives 14-16, obtained after acetylation of mixture 1-3 (Ac 2 O, pyridine, overnight) and purification by silica-gel chromatography. The 1 H and 13 C NMR data of the polar moiety of the tetraacetyl derivatives 14-16 is also practically identical to that reported for the tetraacetyl derivative 17 [9c].
The fraction containing compounds 14-16 displayed signals in the APCi-MS for the quasi-molecular ions [M+H] + at m/z 824.69 (major), 838.76 (intermediate) and 852.58 (minor), identical to three of the tetraacetyl ptiloceramides 11-13 (m/z 852, 838, 824) [9h]. Analysis of 2D NMR spectra of compounds 14-16 confirmed their planar structure. The 1 H-1 H COSY spectrum showed the coupling of CH 2 -1 at δ 4.34 and 4.01 with H-2 at δ 4.45. This proton showed couplings with the N-H proton at δ 6.66 and with H-3 at δ 5.09. Additional couplings observed between H-3 and H-4 (δ 4.95), as well as between H-4 and H-5 (δ 1.68), which was coupled to the alkyl long chain, defined the sphingosine moiety. The signal of H-2' at δ 5.10 was coupled to CH 2 -3' at δ 1.82, which was coupled to the alkyl long chain at δ 1.20-1.40. The HMBC spectrum showed long-range couplings between the N-H proton and C-1' (δ 169.9), between H-2' and C-1', H-2' and C-3' (δ 31.8), as well as between H-3' and the alkyl chain at δ 24.9. Other relevant long range couplings were also observed between H-1a and C-2 (δ 47.2), as well as between H-3 and C-1 (δ 62.4), C-2 and C-4 (δ 72.8).
After defining the planar structure of the tetraacetyl compounds 14-16, it was necessary to establish the number of carbons for each alkyl chain as well as the position of the terminal isopropyl group. This terminus could be located either at the sphingosine moiety or at the α-hydroxy fatty acid moiety.
Methanolysis of 1-3 followed by workup [9a] gave a CHCl 3 -soluble fraction which contained the sphingosine moiety. Analysis by LC-MS and 1 H NMR spectroscopy of this fraction indicated the presence of three homologues at m/z 346, 360 and 374, and that an isopropyl group was located at the terminus of the alkyl chain (doublet at δ 0.81, J = 7.2 Hz). Therefore, the planar structure of compounds 1-3 was established as 2-hydroxy-N-(1,3,4-trihydroxy-18-methylnonadecan-2-yl)icosanamide, 2-hydroxy-N- (1,3,4- Both saturated and unsaturated ceramides have been isolated from marine sponges, which present either the sphingosine or the α-hydroxy acid with variable lengths [9] . However, to the best of our knowledge, compounds Sponge material: Dysidea robusta was collected at the Baía de Todos os Santos, Bahia state, Brazil, during the fall, 1999, at depths between 8-10 m. Species were frozen immediately after collection. A voucher specimen is kept at the Porifera collection, Museu Nacional, Universidade Federal do Rio de Janeiro (MNRJ 2467).
Extraction and isolation:
The freeze-dried sponge sponge (300 g) was exhaustively extracted with MeOH (1.5 L). After concentration of the MeOH to 300 mL and partitioning with light petroleum (PE, 50 -60 o C), evaporation of both MeOH and PE layers yielded 668.4 mg of the PE fraction. This fraction was separated by chromatography on a Waters SepPak Si gel column (10 g), using a gradient of 9:1 EtOAc/MeOH in 1:1 PE/CH 2 Cl 2 . Nine fractions were obtained from this separation (DR1-EP1 to DR1-EP9). After evaporation, the fifth fraction (DR1-EP5, 64.8 mg) showed very poor solubility in solvents other than pyridine. Examination of the 1 H NMR spectrum (400 MHz, pyridine-d 5 ) indicated an almost pure fraction containing compounds 1-3.
Ceramides 1-3
White amorphous powder. 
Acetylation of ceramides 1-3:
The mixture of 1-3 (15 mg) was stirred in 1 mL of pyridine and 1 mL of acetic anhydride overnight. Evaporation of the reagents gave a glassy solid which was purified by silica-gel chromatography on a WATERS SepPak column (2 g), using an isocratic elution with 1:1 PE/EtOAc. After purification, 8.6 mg of the tetraacetyl mixture of 1-3 was obtained. The mixture of tetraacetylated 1-3 was analyzed by 1 (CH 2 -1), 47.9 (CH-2), 36.7 (CH 2 ), 34.4 (CH 2 ), 31.9 (CH 2 ), 31.8 (CH 2 -3'), 29.9 (CH 2 ), 29.7 (CH 2 ), 29.6 (CH 2 ), 29.5 (CH 2 ), 29.4 (CH 2 ), 29.4 (CH 2 ), 29.3 (CH 2 ), 29.3 (CH 2 ), 29.2 (CH 2 ), 28.6 (CH 2 -5), 28.0 (CH-isopropyl), 24.9 (CH 2 ), 22.7 (CH 2 ), 22.6 (CH 2 ), 21.0 (CH 3 ), 20.9 (CH 3 ), 20.8 (CH 3 ), 20.7 (CH 3 ), 19.2 (CH 2 ), 14.1 (CH 3 -20'), 11.0 (isopropyl-CH 3 Supplementary data: 1 H NMR spectrum of tetraacetyl ceramides 1-3, 1 H and 13 C NMR, as well as ESI-MS spectra of peracetylaed ceramides 1-3.
